Torsins belong to the AAA+ (ATPases associated with a variety of cellular activities) ATPase superfamily, the members of which disassemble protein complexes or unfold proteins. Here (pp. E1545-E1554), we provide evidence that the activity of Torsins is tightly regulated by two proteins that reside in the endoplasmic reticulum and the perinuclear space. This regulatory mechanism provides the framework for a better understanding of phenotypes in animal models, and allows us to define the molecular defect underlying TorsinA dystonia.
Redesign of a cross-reactive antibody to dengue virus with broad-spectrum activity and increased in vivo potency Kannan Tharakaraman, Luke N. Robinson, Andrew Hatas, Yi-Ling Chen, Liu Siyue, S. Raguram, V. Sasisekharan, Gerald N. Wogan, and Ram Sasisekharan Dengue virus infects more than 200 million people each year, and incidence of severe disease is increasing with no effective countermeasures. We demonstrate in this paper (pp. E1555-E1564) the engineering of an antibody that binds to all four serotypes of dengue virus with potent activity in vitro and in vivo. We also outline a distinct and widely applicable approach to antibody engineering that provides important information on the paratope/epitope interface in the absence of crystal structure data, enabling identification of antibody amino acids that could be mutated. We demonstrate experimentally the alteration of both specificity (enabling cross-serotype binding) and affinity of the engineered antibody.
Optically triggering spatiotemporally confined GPCR activity in a cell and programming neurite initiation and extension W. K. Ajith Karunarathne, Lopamudra Giri, Vani Kalyanaraman, and N. Gautam G-protein-coupled receptors control a variety of important cell behaviors. However, tools are not available to activate these receptors in selected areas of a cell and exert control over cell behavior. Here (pp. E1565-E1574) we recruit unique properties of nonrhodopsin opsins to activate all the major types of G-protein signaling in spatially confined regions of single cells. We show that this approach can be used to optically induce polarized cell behavior and refashion early neuron differentiation. This optical approach can be applied to control other cell behaviors such as immune cell migration and cardiomyocyte contraction.
Optical control demonstrates switch-like PIP3 dynamics underlying the initiation of immune cell migration W. K. Ajith Karunarathne, Lopamudra Giri, Anilkumar K. Patel, Kareenhalli V. Venkatesh, and N. Gautam Here (pp. E1575-E1583) we used a visual blue opsin to induce asymmetric signaling in a cell. The opsin recruited endogenous G proteins and allowed immune cell migration to be optically steered with directional precision. Using this approach, cellular and molecular response dynamics were quantitated to facilitate computational modeling of migration. We identified an ultrasensitive switch-like signaling response that explains how immune cells filter background fluctuations in signals and respond decisively to persistent stimuli. This approach can be widely applied to understand G-protein-coupled receptor-stimulated signaling network control of other cell behaviors and potentially to control cell movements in whole animals.
Choreography of importin-α/CAS complex assembly and disassembly at nuclear pores
Changxia Sun, Guo Fu, Danguole Ciziene, Murray Stewart, and Siegfried M. Musser Nucleocytoplasmic transport requires the orchestrated assembly and disassembly of cargo-carrier complexes. Visualizing the dynamics of these interactions during nuclear import and export with millisecond time resolution using single-molecule FRET provides new insight into the mechanism of the transport cycle. We show (pp. E1584-E1593) that although key interactions between components are reversible and multiple outcomes are often possible, effective transport is generated through precise spatiotemporal control of cargo-carrier complex assembly and disassembly. The novel transient intermediates identified and the kinetic models developed emphasize that the distinct environments at the nuclear and cytoplasmic faces of nuclear pores are necessary for productive transport.
Molecular chaperone TRAP1 regulates a metabolic switch between mitochondrial respiration and aerobic glycolysis
Soichiro Yoshida, Shinji Tsutsumi, Guillaume Muhlebach, Carole Sourbier, Min-Jung Lee, Sunmin Lee, Evangelia Vartholomaiou, Manabu Tatokoro, Kristin Beebe, Naoto Miyajima, Robert P. Mohney, Yang Chen, Hisashi Hasumi, Wanping Xu, Hiroshi Fukushima, Ken Nakamura, Fumitaka Koga, Kazunori Kihara, Jane Trepel, Didier Picard, and Leonard Neckers TNF receptor-associated protein (TRAP1) is found predominantly in mitochondria. A possible direct impact of TRAP1 on mitochondrial metabolism remains unexplored. We used (pp. E1604-E1612) TRAP1-null cells and transient TRAP1 silencing/overexpression to show that TRAP1 regulates a metabolic switch between oxidative phosphorylation and aerobic glycolysis in immortalized mouse fibroblasts and in human tumor cells. TRAP1 deficiency promotes increased mitochondrial respiration, fatty acid oxidation, tricarboxylic acid cycle intermediates, ATP and reactive oxygen species, while concomitantly suppressing glucose metabolism. TRAP1 deficiency also results in strikingly enhanced cell motility and invasiveness. TRAP1 interaction with and regulation of mitochondrial c-Src provide a mechanistic basis for these phenotypes.
Differential protein partitioning within the herpesvirus tegument and envelope underlies a complex and variable virion architecture
Kevin Patrick Bohannon, Yonggun Jun, Steven P. Gross, and Gregory Allan Smith Neuroinvasive herpesviruses cause diseases in humans ranging from cold sores to central nervous system infections. Unlike most icosahedral viruses, herpesvirus capsids are surrounded by protein layers that lack polyhedral architecture. The outer layers are critical for herpesvirus infectivity. Although the disorganized layers are visible by electron microscopy, the protein topography of these layers remains unclear. We fused fluorophores to virus proteins and pinpointed their positions within virions at nanometer resolution. The findings (pp. E1613-E1620) reveal a complex and variable asymmetric architecture, shed light on herpesvirus assembly, and provide a foundation for visualizing viral particle dynamics during herpesvirus infection.
Bacillus subtilis biofilm induction by plant polysaccharides
Pascale B. Beauregard, Yunrong Chai, Hera Vlamakis, Richard Losick, and Roberto Kolter
The plant growth-promoting bacterium Bacillus subtilis is frequently found associated with plant roots where it protects plants from infection. Here (pp. E1621-E1630), we demonstrate that B. subtilis root attachment depends on production of an extracellular matrix that holds the cells together in multicellular communities termed biofilms. We found that plant polysaccharides (major components of the plant's cell wall) act as an environmental cue that triggers biofilm formation by the bacterium. Furthermore, these plant polysaccharides can serve as a carbon source used to produce the extracellular matrix. This work sheds light on how plants stimulate their colonization by this plant growth-promoting rhizobacterium.
Deficiency of the RIIβ subunit of PKA affects locomotor activity and energy homeostasis in distinct neuronal populations Ruimao Zheng, Linghai Yang, Maria A. Sikorski, Linda C. Enns, Traci A. Czyzyk, Warren C. Ladiges, and G. Stanley McKnight Genetic mutations in mice and humans have dramatic effects on the overall ability of the organism to regulate body weight and maintain a homeostatic balance between energy expenditure and calorie intake. We are studying mice with a null mutation in the RIIβ subunit of the cAMP-dependent protein kinase system that renders them lean and resistant to diet-induced obesity. These mice also exhibit greatly increased physical activity. Our studies (pp. E1631-E1640) show that the brain regulates all of these phenotypes, but, surprisingly, the specific neurons that determine the phenotypes are distinct and the increased physical activity is not required for the lean phenotype.
mChIP-KAT-MS, a method to map protein interactions and acetylation sites for lysine acetyltransferases
Leslie Mitchell, Sylvain Huard, Michael Cotrut, Roghayeh Pourhanifeh-Lemeri, Anne-Lise Steunou, Akil Hamza, Jean-Philippe Lambert, Hu Zhou, Zhibin Ning, Amrita Basu, Jacques Côté, Daniel A. Figeys, and Kristin Baetz Recent proteomic studies have revealed that lysine acetylation is a global and ubiquitous posttranslational modification. However, in the vast majority of cases the lysine acetyltransferases (KATs) responsible for individual modifications remain unknown. Here (pp. E1641-E1650) we present a unique methodology that connects KATs to their substrates. To validate the methodology, we use the yeast KAT nucleosome acetyltransferase of histone H4 (NuA4) and identify both protein interactions and acetylation targets. Importantly, this methodology can be applied to any KAT and should aid in the linking of KATs to their cellular targets.
